Forty-seven strains of yellow-pigmented, non-fermentative, gram-negative, rod-shaped bacteria isolated from clinical specimens (14 strains), the hospital environment (20 strains), and miscellaneous sources (13 strains) were characterized with respect to 68 phenotypic tests. The results, along with those of the same 68 tests carried out on 51 reference strains that represented species of Pseudomonas and six other genera of gram-negative bacteria, were analyzed by numerical taxonomic methods. Twenty-nine of the 47 yellow-pigmented strains, including two strains of Weaver group IIk, biotype 1, formed a homogeneous phenetic group (within-group similarity: 93.4% SG). The group consisted of strictly aerobic, heterotrophic rod-shaped bacteria. Cells were motile by means of a single polar flagellum. Only a few of the cells were actively motile in nutrient broth cultures, so this characteristic was often difficult to demonstrate. The strains were homogeneous in their susceptibilities to antimicrobial agents, Downloaded from www.microbiologyresearch.org by P e r c e n t a g a S i m i l a r i t y 6 0 6 5 7 0 7 5 110 05 9 0 9 5 1 0 0
and the mean guanine-plus-cytosine, content of the deoxyribonucleic acids from 13 of the isolates was 64.9 & 1.4 mol%. The 29 strains conformed to the general characteristics of the genus Pseudomonas. The reasons for excluding the strains from Xunthomonus are discussed. We consider these strains to represent a new species, for which we propose the name Pseudomonas paucimobilis. The type strain of the new species is CL1/70 (=NCTC 11030). The remaining 18 yellowpigmented isolates were unclassified except for two strains which corresponded to a Flavobacterium sp. (King group IIb).
In a number of studies (15, 20, 24, 28, 29, 32, 34, 35) , the isolation of yellow-pigmented bacteria, frequently described as xanthomonad-or pseudomonad-like in their characteristics, has been reported from human clinical specimens and from sources in the hospital environment. The pathogenicity for man of these bacteria has not been proved (28, 34, 35) .
The pseudomonad-like strains from human sources described by Tatum et al. (32) were referred to as group IIB and divided into biotypes 1 and 2. The choice of biochemical tests suitable for the identification of group IIk isolates and xanthomonads was investigated by von Graevenitz (33, 34) , who found that these bacteria could be distinguished from most of the clinically important species of Pseudomonas . However, von Graevenitz (33, 34) and Tatum et al. (32) did not propose a name for biotypes 1 and 2 of group IIk, and a named species to which they might belong was not suggested.
Over the past 10 years, a number of the yellow-pigmented isolates received in the National Collection of Type Cultures (NCTC) for identification have shown similarities to xanthomonads and to the group IIk isolates. In the present study, a numerical analysis of phenotypic characteristics, the effect of antimicrobial agents, and determinations of deoxyribonucleic acid (DNA) base compositions have been used to investigate the taxonomic relationships of these yellow-pigmented microorganisms. Evidence is presented that 29 of the isolates constitute a new species of Pseudomonas.
MATERIALS AND METHODS
Bacterial strains. The.98 bacterial strains studied (Table 1) comprised: 27 strains of the new species; 16 miscellaneous, unclassified, yellow-pigmented isolates; and 55 reference strains representing biotypes 1 and 2 of Weaver group IIk and species of the genera Acinetobacter, Alcaligenes, Bordetellu, Chromobacterium, Flauobacteriurn, Pseudomonas, and Xanthomonas .
Bacteriological investigations. The bacteria were maintained on nutrient agar (Oxoid nutrient broth powder CM 67,25 g, and New Zealand agar, 12 g per litre of distilled watqr) under aerobic conditions and were tested at their optimum growth temperature, usually 37°C but in some cases 30°C or room temperature (18 to 22°C). Anaerobic growth was tested on nutrient agar by incubation for 2 days in a McIntosh and Fildes jar filled with 90% H, and 10% CO,. The 133 ability of selected strains to grow autotrophically in an atmosphere of hydrogen was tested at the German Collection of Microorganisms (DSM), Gottingen, West Germany, through the kindness of Dr. D. Claus, on a basal minimal medium that contained, per litre of distilled water: KH2P04, 2.3 g; NazHPO,. 2Hz0, 2.9 g; NH,Cl, 1.0 g; MgSO4-7H20, 0.5 g; NaHCO,, 0.5 g; CaClz.2Hz0, 0.01 g; and Fe(NH,) citrate, 0.05 g. The Fe(NH4) citrate (0.05 g in 20 ml of distilled water) was sterilized separately and then added. Cultures were incubated at 30°C for periods up to 8 days in a gas mixture of 60% H2, 10% C 0 2 , 25% N,, and 5% 0,. The ability to grow autotrophically under microaerophilic conditions was tested for in the presence of 1% 0, (a partial pressure of 0.05 atmosphere of oxygen). Colonial morphology was described from aerobic growth on nutrient agar, and hemolysis was recorded on 5% (vol/vol) horse blood agar. Pigmentation was recorded from growth on nutrient and tyrosine agars, and fluorescence was tested for on medium B of King et al. (18) . The Gram reaction was determined by Lillie's modification as described by Cowan (5) . Motility was tested by the hanging-drop method on overnight cultures grown at room temperature (18 to 22°C) and a t 37°C in nutrient broth (Oxoid CM 671, and a t room temperature in the mineral base medium of Ayers, Rupp, and Johnson (ARJ base) as modified by Burnett et al. (3) with added l% (wt/vol) glucose and 0.1% (wt/vol) yeast extract. As the proportion of motile bacteria in nutrient broth medium was low, strains of the new species were cultured in ARJ yeast extract medium to enhance bacterial growth and t o obtain a greater number of motile cells for the staining of flagella in the preparation of electron microscope grids. The presence of flagella and their arrangement was examined with an electron microscope after staining with 1% (wt/vol) phosphotungstic acid. Cultures of some strains were also tested on semisolid nutrient agar (Oxoid nutrient broth powder CM 67, 25 g, and Oxoid no. 1 agar, 25 g per litre of distilled water) in petri dishes to increase selectively the proportion of motile cells. The biochemical characteristics investigated are listed in Table 2 , and the methods used have been described previously by Holmes et al. (171, but the following changes or additions were made. Indole production was tested with Kovacs reagent and with Ehrlich reagent, the latter by method 3 of Cowan (5). To determine if the minimal growth requirements of strains were complex (lo), the ART mineral base medium with added 1% (wtlvol) glucose was used. Yeast extract (0.1% [wt/vol]) was included in the medium for a positive control. The utilization of 0.2% (wt/vol) L-asparagine (BDH Chemicals Ltd, Poole, England) as the sole source of carbon and nitrogen was determined by the method of Dye (9) . Growth inhibition by 0.1% (wt/vol) 2,3,5-triphenyltetrazolium chloride (TTC; Koch-Light Laboratories Ltd, Colnbrook, England) was tested by incorporation of the TTC in nutrient agar (10).
Antibiotics were incorporated in paper strips (1) or disks (Mast Laboratories Ltd, Liverpool, England), and susceptibility was tested on Diagnostic Sensitivity Test (DST) agar base (Oxoid CM 261) with added 0.25% (vol/vol) lysed horse blood. The antibiotics used were (for concentrations, see Table  2 ) amoxicillin, ampicillin, carbenicillin, cephalexin, chloramphenicol, colistin, erythromycin, gentamicin, kanamycin, nalidixic acid, novobiocin, penicillin G, streptomycin, and tetracycline. Susceptibility to polymyxin B was tested on nutrient agar in which the antibiotic had been incorporated. Disks of vibriostatic agent 0/129 (2,4-diamino-6,7-diisopropyl pteridine phosphate; BDH) were prepared from an aqueous solution (1 pglml), and the tests for susceptibility were performed on nutrient agar.
Computation of data. A total of 64 of the 88 characteristics listed in Table 2 were used in the numerical analysis. Of the remaining 24 characteristics, some were not used because all 98 strains were either positive (catalase activity) or negative (indole production tested for with Kovacs reagent, gas from glucose, and production of 3-ketolactose) and some were not used because they were additional characteristics determined only on the 29 strains of the new species (determination of complexity of minimal growth requirements, utilization of L-asparagine, inhibition by TTC, anaerobic growth, and susceptibility to the 16 antimicrobial agents).
The majority of tests were treated as two-state characters, and the results were coded as + or -(moderately positive results, recorded as ?, were coded as +; weakly positive results, recorded as T , were coded as -1. For two-state related tests, implied negative results were coded as no-comparison (30). The Hugh and Leifson oxidation-fermentation (0-F) test and colony pigmentation were treated as qualitative multistate characters, and the test results for gelatinase production (the stab and plate methods) were combined to give a single quantitative multistate character (both methods negative = 1, plate only positive = 2, both methods positive = 3). The between-strain similarities were calculated using Gower's (12) general similarity coefficient (S, in the notation of Sneath and Sokal [301) , and negative matches were included for the two-state characters. The strains were clustered by median-sorting cluster analysis (11, 30) and by single-linkage cluster analysis (30); in addition, a minimum spanning tree (13,301 was constructed. Programs developed a t the NCTC were used. The median organism of the new taxon was determined (19), and the within-and between-taxon average similarities were calculated as arithmetic means of the relevant similarities. DNA isolation. The strains were grown overnight at 30°C on nutrient agar or in nutrient broth with aeration at 200 rpm in an orbital incubator (Gallenkamp Ltd, London). The bacterial cells were collected by centrifugation, suspended in 0.15 M NaCl and 0.10 M ethylenediaminetetraacetic acid a t pH 8.0, and lysed with 2% (wt/vol) sodium lauryl sulfate at 60°C for 15 min. The DNA was extracted and purified by the method of Marmur (221, which was supplemented by treatment for 1 h a t 37°C with selfdigested Pronase (Koch-Light Laboratories Ltd, Colnbrook) at a concentration of 50 pg/ml. DNA base composition. The DNA base composition, expressed as moles percent guanine and cytosine (mol% G+C) to total bases, was estimated from the thermal denaturation temperature ( T,,,), which was determined by the method of Marmur and Doty (23) . Thermal denaturation of DNA was carried out in a Pye Unicam SP 1800 spectrophotometer equipped with an SP 876 series 2 temperature program controller and heated cell block. The absorbance changes a t 260 nm were recorded on a Pye Unicam AR 25 linear recorder. The temperature of the DNA solution was measured in the cuvette with a thermistor thermometer (16). The mol% G+C was calculated from the T,,, determined in 0.015 M NaCl buffered with 0.0015 M trisodium citrate a t pH 7.0 
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by the equation mol% G+C = 2.08 T , -106.4, which was derived from the general equation of Owen et al. (26) . Absorbance spectra of pigments. The bacterial cells were grown and harvested as described for DNA isolation but were suspended and washed with distilled water. The pigments were removed from the cells by the addition of methanol (AnalaR grade) and by heating to 50°C on a water bath for 5 min. The extracts were clarified by centrifugation. The visible absorbance spectrum of each extract in methanol was determined in a Pye Unicam SP 1800 spectrophotometer equipped with an SP 1806 synchronized wavelength drive unit.
RESULTS
Numerical taxonomic analysis. The similarities between strains are illustrated in a dendrogram ( Fig. 1) derived by median-sorting cluster analysis; the order of the strains was obtained from the minimum spanning tree. The strains of the new species, which included the two strains of group IIB, biotype 1, formed a homogeneous cluster at the 92.5% similarity level, and the majority of the strains (25/29) joined within the cluster at a similarity level of 95.5%. Table 3 lists the average within-and between-taxon similarities of the new species, the three unclassified strains phenotypically similar to the new species, whose taxonomic position is discussed separately below, and of the 10 species or taxa (including group IIk, biotype 2) that were represented in the numerical analysis by two or more strains. The average within-taxon similarity of 93.4% for the new species was within the range of values determined for the other taxa ( Table 3 ). The median organism of the new-species cluster was represented by two strains (CL1/70 and B3271) that were biochemically identical although they originated from different sources. Strains CL50/72 and A96/68 were the least typical members of the new species, and each differed from others of the cluster in two, but not the same two, biochemical characteristics (see Table 2 ). Xanthomonas campestris and Xanthomonas hyacinthi, each represented in this study by two strains which were not designated type strains, were the reference species most similar (77.9%, Table 3 ) to the new species.
Although 27 of the various other reference strains were type or suggested type strains (Table l), insufficient strains of each species were included in the numerical analysis to draw any conclusions about their interrelationships.
Characteristics of the new species. The 29 strains, comprised of 27 field isolates and 2 strains of Weaver group IIk, biotype 1, were strictly aerobic, gram-negative rods, 0.7 by 1.4 km, with parallel sides and rounded ends. The 
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two median organisms (CL1/70 and B3271) and four other selected strains of the new species (CL158/74, A97/68, F92, and B4562) were tested for autotrophic growth and were found to be unable to grow either microaerophilically or in an atmosphere of hydrogen. The colonies on nutrient agar after 48 h were circular, 1 mm in diameter, low convex, entire, smooth, and opaque. A yellow pigment was produced which did not difhse in nutrient agar nor fluoresce on King medium B. The strains differed in their abilities to produce a dark brown pigment on tyrosine agar. The colonies were butyrous in consistency except for those of CL50/72, which were mucoid and viscid, and were easily emulsified in distilled water to give uniform suspensions except for the colonies of three strains (CL135/72, CL623/72, and A47/65), which formed rough syspensions.
The strains grew optimally at 30"C, and all biochemical tests, unless specified otherwise, were carried out at this temperature. The strains grew at room temperature and at 37°C but not at 5 or 42°C. Hemolysis was not obtained from aerobic growth on 5% (vol/vol) horse blood agar. Growth in nutrient broth produced a moderate turbidity with the formation of a pellicle and a dense deposit after 2 to 3 days.
Motility was demonstrated in nutrient broth medium at room temperature for 22 of the 29 strains, although only a low percentage (approximately 5%) of the bacteria were actively motile. All 29 strains of the new species were motile in the ART yeast extract medium at room temperature, and in all but 2 strains (CL623/72 and A102/70), a higher proportion (approximately 20%) of the cells were actively motile. The proportion of motile cells was unchanged after serial subcultures (up to five) in the ART yeast extract medium. Only one strain (F92) was motile at room temperature and at 37°C (in nutrient broth). Six selected strains (CL1/70, CL136/72, CL158/74, F92, B3271, and  B4562) were also cultured in semisolid agar at 22°C. There was no evidence that cells of these strains spread through this medium or that subcultures in nutrient broth at 22°C from margins of the colonies had a significantly higher proportion of motile cells. When flagella were present the cells of CL1/70 (Fig. 2) and 26 other strains of the new species each had a single, polar flagellum; CL1/70 and 21 other strains were examined by electron microscopy here, and 5 strains (A47/65, A32/67, A90/67, A92/68, and A96/68) were examined previously by flagella staining and light microscopy (R. J. Owen, unpublished observations) . The two strains (CL623/72 and A102/70) which did not yield a higher proportion of motile cells in ARJ yeast extract medium at room temperature were examined by electron microscopy, but no flagellated cells were found. The biochemical characteristics of the strains and their susceptibilities to antimicrobial agents are listed in Table 2 . A total of 59 characteristics were common to all strains (either all positive or all negative), and there were 29 characteristics in which one or more of the strains differed. The tests with the largest number of strain differences were starch hydrolysis, motility in nutrient broth at room temperature, and susceptibility to carbenicillin and colistin.
DNA base composition. Table 4 lists the base compositions of 12 phenotypically representative strains of the new species. The values ranged from 64.2 to 66.9 mol% G+C, with a mean of 65.3 mol% and a standard deviation of 21.0%. Strain CL50/72, also in. Table 4 , clustered with the new species in the numerical analysis, but it was least typical in biochemical and morphological characteristics and had a lower G+C value (61.5 mol%). The mean and standard deviation of the G+C content of the DNA of the new species, with this strain included, was 64.9 t 1.4 mol%.
Absorbance spectra of pigments. The pigment extracts in methanol from 10 strains (CL1/70, CL162/70, CL50/72, CL136/72, CL158/  74, A92/68, A129/72, F92, B3271, and B4562) of the new species had absorbance peaks in the region 447 to 452 nm and 474 to 480 nm, with a slight inflection at 420 to 430 nm. Figure 3 shows that the spectrum of pigment from CL1/ 70, the median organism of the new species, differed from that of the pigment of X . campestris NCPPB 528, which had a sharp absorbance peak at 448 nm and a broader peak in the 468 to 482 nm region.
Strains of uncertain taxonomic position. Several strains (taxon numbers 2 , 3 , 4 , and 5 in Table 3 ) had similarities to the new species but were excluded because they did not form a cluster with it at the 92.5% similarity level on the dendrogram derived from median sorting. The main characteristics that distinguished A95/68 from the strains of the new species were its failure to produce cytochrome oxidase and its ability to produce urease and to grow at 42°C. However, this strain was included in the new species cluster by the single-linkage analysis, and it was similar to the new species in its G+C content ( Table 4 ) and in its pigment spectrum. The two strains of Weaver group IIk, biotype 2 ' DNA reference strain. (A8895 and B3159), studied here and two other biochemically similar strains (A14/65 and E894) were not included in the new-species cluster by either method of cluster analysis, although all showed a high similarity (>81.6%, Table 3 ) to the new species. However, the four strains differed from those of the new species in several biochemical characteristics (see Table 5 for results of group IIk, biotype 2, strains) and were resistant to a wider range of antibiotics, which included amoxicillin, chloramphenicol, erythromycin, gentamicin, kanamycin, and novobiocin (B. Holmes, unpublished results) . Also, with respect to the criterion of DNA base composition, these four strains were genetically different from the new species, as their G+C contents were in the range 39.6 to 41.8 mol% ( Table   4 ). The minimum spanning tree showed that all five strains described above joined the new species through typical members of that cluster. These strains and 13 other yellow-pigmented isolates, which were unclassified except for the two strains corresponding to Flauobacterium sp. (King group IIb), will not be discussed further at this time.
DISCUSSION
The results of the cluster analysis and the within-group similarities presented above show that the 29 strains of yellow-pigmented bacteria, for which the name P . paucimobilis (pau * cimo'bi lis. L. adj. paucus few; L.adj. mobilis mobile; M.L. fem. adj. paucimobilis intended to mean few cells motile) is here pro-posed, constitute a homogeneous and distinctive taxonomic group. These findings were corroborated by similarities among strains in their susceptibilities to antimicrobial agents and in the G+C contents of their DNAs. This taxon included the two strains of Weaver group IIk, biotype 1, and one of these (B3271) held with CL1/70 the median position of the P . paucimobilis taxon. A comparison of the published results on group IIk (32, 33, 35) with the results obtained here indicates that P . paucimobilis and Weaver group IIk, biotype 1, are identical taxa; this is supported by the fact that two strains of group IIk, biotype 1, were included in the P . paucimobilis cluster. However, on the basis of the information available to us, we can only assume that these two particular strains are representative of group IIk, biotype 1.
The strains for which we propose the name P . paucimobilis conform to the definition of Pseudomoruzs given by Doudoroff and Palleroni (8) : strictly aerobic, gram-negative rods that produce catalase and have a respiratory metabolism, are motile by means of polar flagella and have G+C contents of their DNAs in the range of 58 to 70 mol%. Several isolates of yellowpigmented bacteria similar to our own and also from clinical sources have previously been assigned to the genus Xanthomonas (15, 29) . However, our strains of P. paucimobilis differed from those of Xanthomonas in being strongly positive in the production of cytochrome oxidase (lo), in their ability to grow in the presence of TTC (lo), to utilize asparagine (lo), and to produce acid from salicin (9), and in having minimal growth requirements that were not complex (10). There is evidence that Pseudomonas and Xanthomonas strains can be separated by numerical taxonomic methods (4) and by pigment-absorbance spectra (31), but there are very few biochemical characteristics, other than those described above, that can be used to distinguish the two genera. Our strains have, therefore, been classified in the genus Pseudomonas.
Yellow pigmentation is a characteristic of certain species of Pseudomonas (e.g., P . aureofaciens, P . cepacia, P . palleroni, and P . stutzeri), as well as of species of Xanthornonas. There were slight differences between the absorbance spectra of the pigments of typical P . paucimobilis strains and the strain of X . campestris studied here. However, we are uncertain of the taxonomic significance of these differences, as this characteristic was examined only in a small number of P . paucimobilis and of Xanthomonas strains, and the class of chemical compound to which the pigments belonged IP: 54.70.40.11
On: Thu, 06 Dec 2018 07:18:25 was not determined. The pigment results will not be discussed further at this time.
Since the type strain and the five other selected strains of P . paucimobilis did not grow autotrophically with hydrogen, we exclude the possibility that strains of the new species are "hydrogen bacteria." A strain (DSM 63) of P . palleroni, which is a yellow-pigmented species that grows autotrophically with hydrogen and has a G+C content of approximately 66.8% (81, has been examined separately in our laboratory (B. Holmes, unpublished results) and was found to differ from strains of P. paucimobilis in 12 biochemical characteristics out of 68 tested.
Characteristics useful in the practical identification of P. paucimobilis and in the differentiation of strains of this taxon from those of P . cepacia, P . stutzeri, X . campestris, Flavobacterium meningosepticum, and Flavobacterium sp. (King group IIb), and group IIk, biotype 2, are recorded in Table 5 . The results on P . cepacia and P . stutzeri were included because these two species have been encountered occasionally in clinical material and could be confused with P . paucimobilis because some strains produce a yellow pigment. F. meningosepticum and FZavobacterium sp. (King group IIb) are included in the table because they are also yellow-pigmented bacteria that can occur in human clinical material (27, 39, the hospital environment, and water (25). The table includes group IIk, biotype 2, and X . campestris, as these two groups of strains showed the highest phenetic similarity to P . paucimobilis.
There is no evidence that strains here placed in P . paucimobilis have been incriminated in any infection in man, although such strains have been isolated from a variety of clinical specimens and from sources in the hospital environment. The occurrence of the organism in respirators and similar equipment suggests imperfectly sterilized water as the primary source of contamination.
Description of the type strain. The characteristics of the type strain, CL1/70 (= NCTC P1030), also listed in Table 2 , are as follows.
Gram-negative, nonsporeforming rods (average dimensions: 0.7 pm in width by 1.4 pm in length) of regular shape with rounded ends.
Cells occur singly or in pairs. Motile at 18 to 22°C by means of a single polar flagellum; nonmotile a t 37°C. There is a low proportion of actively motile cells in nutrient broth medium at 22°C. Circular, low convex, smooth and entire colonies on nutrient agar after 2 days; colonies on 5% (vol/vol) horse blood agar are nonhemolytic; on nutrient agar, a yellow pigment is produced that has absorbance maxima in methanol at 452 and 479 nm, with a slight inflection at 425 nm, is water insoluble, and is not fluorescent. No brown pigment is produced on tyrosine agar.
Aerobic; there is no growth under anaerobic conditions.
Heterotrophic; incapable of autotrophic growth with molecular hydrogen as an electron donor.
Growth at 37°C but not at 5 or 42°C. Optimum temperature: about 30°C.
Catalase, cytochrome oxidase, and deoxyribonuclease are produced.
Urease is not produced. KCN is not tolerated at a concentration of 0.0075% (wt/vol).
Tween 20 and Tween 80 are hydrolyzed. Opalescence on lecithovitellin agar is not produced.
Nitrate is not reduced to nitrite; nitrite is not reduced.
Indole and hydrogen sulfide are not produced.
Grows on P-hydroxybutyrate and in the presence of TTC but not on MacConkey agar or cetrimide agar. Lipid inclusion granules presumed to be poly-p-hydroxybutyrate are produced.
Casein is not digested and gelatin is not liquefied.
Esculin, starch, and tyrosine are hydrolyzed. Minimal requirements for growth are not L-Asparagine is utilized. Citrate and malo-Gluconate is not oxidized. Arginine dihydrolase, arginine desimidase, lysine decarboxylase , and ornithine decarboxylase are not produced.
complex.
nate are not utilized.
3-Ketolactose is not produced. Selenite is not reduced. P-Galactosidase is produced. Acid is produced in ammonium salt medium under aerobic conditions from arabinose, cellobiose, ethanol, fructose, glucose, lactose, maltose, raffinose, salicin, sucrose, trehalose, and xylose .
Acid is not produced in ammonium salt medium under aerobic conditions from adonitol, dulcitol, inositol, mannitol, sorbitol, glycerol, or rhamnose or from 10% (wtlvol) glucose and 10% (wt/vol) lactose.
Neither acid nor gas is produced from glucose in peptone water medium; acid is not produced from glucose in either the open or the closed tube of Hugh and Leifson 0-F test medium. 
